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TRAVEL GUIDANCE SYSTEM, TRAVEL
GUIDANCE APPARATUS, TRAVEL
GUIDANCE METHOD, AND COMPUTER
PROGRAM

INCORPORATION BY REFERENCE

The disclosure of Japanese Patent Application No. 2011-
147245 filed on Jul. 1, 2011 including the specification, draw-
ings and abstract is incorporated herein by reference in its
entirety.

BACKGROUND OF THE INVENTION

Systems, apparatuses, methods, and computer-readable
mediums consistent with the present invention relate to travel
guidance, and more particularly to guiding movable bodies
along navigation routes.

DESCRIPTION OF THE RELATED ART

Recently, navigation systems that provide drivers with
travel guidance have been installed in many vehicles so that
the drivers can easily reach desired destinations. The term
“navigation system” refers to a system that can detect the
current positions of vehicles in which the navigation systems
are installed using, for example, GPS receivers; acquire map
data corresponding to the current positions via, for example,
recording media such as DVD-ROMs and HDDs or via net-
works; and display the map data on, for example, liquid
crystal monitors. Such a navigation system has a route search
function of searching for an optimum route from a place of
departure to a destination on the basis of a desired destination
input by a user. The navigation system displays a navigation
route set on the basis of the search results on a display screen,
and provides the user with guidance using voice and the
display screen when the vehicle approaches junctions at
which the user is to be instructed to, for example, turn right or
left (hereinafter referred to as “guidance junctions™) so as to
reliably guide the user to the desired destination. Recently,
some devices such as cellular phones, personal digital assis-
tants (PDAs), and personal computers have also been pro-
vided with functions similar to those of the navigation sys-
tems, and are capable of providing guidance described as
above for pedestrians and two-wheeled vehicles in addition to
the vehicles.

When a user is instructed to, for example, turn right or left
at a guidance junction, it is necessary for the user to correctly
identify the guidance junction. In order for the user to cor-
rectly identify the guidance junction, guidance based on traf-
fic lights installed at junctions on the way to the guidance
junction, or preceding junctions, may be provided for the
user. For example, the number of traffic lights between the
current position of the vehicle and the guidance junction may
be used for the guidance.

For example, the number of traffic lights between the cur-
rent position of the vehicle and the guidance junction is used
for voice guidance on the guidance junction in Japanese
Patent Application Publication No. 10-274544 (IP
10-274544 A, page 5). According to this technology, a point a
predetermined distance short of the guidance junction or a
point from which the vehicle will travel to the guidance junc-
tion for a predetermined period of time is detected as a guid-
ance output point, and guidance is output when the current
position of the vehicle matches the guidance output point.

SUMMARY OF THE INVENTION

In order for a user to identify a guidance junction, it is
important that guidance starts at an appropriate timing. In
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particular, in cases where the guidance is provided on the
basis of traffic lights installed at preceding junctions as
described in JP 10-274544, it is important that the guidance
starts at an appropriate timing in accordance with the details
of the guidance compared with other guidance methods (for
example, those using the distance from a movable body to a
guidance junction). If the guidance does not start at an appro-
priate timing, the user may misidentify the guidance junction.

However, a guidance starting point is defined at a point a
predetermined distance short of the guidance junction or a
point at which the vehicle must travel for a predetermined
period of time to reach the guidance junction, guidance is
difficult to start at an appropriate timing, and the user may
misidentify the guidance junction.

The embodiments of the present invention has been
designed to address the above-described problem, and the
embodiments of the invention are capable of starting guid-
ance based on traffic lights installed at preceding junctions at
an appropriate timing based on the details of the guidance and
capable of allowing a user to correctly identify a guidance
junction.

A travel guidance system according to a first aspect of the
present invention includes: a navigation-route setting unit
that sets a navigation route along which a movable body is
guided and a guidance junction on the navigation route; a
traffic-light-position acquiring unit that acquires a position of
an exit-side traffic light at a preceding junction that is located
closer to a departure place of the navigation route than the
guidance junction; a movable-body-position acquiring unit
that acquires a position of the movable body; a guidance-
starting-point acquiring unit that acquires a position of a
guidance starting point serving as a point determined from a
position of the movable body relative to the exit-side traffic
light at the preceding junction and serving as a point where
guidance on the guidance junction starts; a passage determin-
ing unit that determines whether or not the movable body has
passed through the guidance starting point from the position
of'the movable body and the position of the guidance starting
point; and a junction guiding unit that starts the guidance on
the guidance junction when the passage determining unit
determines that the movable body has passed through the
guidance starting point.

The term “movable body” herein includes pedestrians and
two-wheeled vehicles in addition to vehicles.

Theterm “guidance junction” herein corresponds to a junc-
tion at which a user of the system is instructed to, for example,
turn left or right while the movable body is guided according
to the navigation route.

The term “exit-side traffic light” herein refers to the traffic
light nearest to an exit side of the junction in a direction along
which the movable body passes through the junction, that is,
the last traffic light visible to the user when the movable body
passes through the junction.

According to a second aspect, the travel guidance system
according to the first aspect further includes: a feature detect-
ing unit that detects a feature on a departure place side of the
navigation route at the preceding junction; a distance calcu-
lating unit that calculates a travel distance of the movable
body after the feature detecting unit detects the feature; and a
feature-distance acquiring unit that acquires a feature dis-
tance serving as a distance between the feature and the guid-
ance starting point. The passage determining unit determines
whether or not the movable body has passed through the
guidance starting point from the travel distance and the fea-
ture distance.

The term “feature” herein corresponds to an object on a
road or that in the vicinity of the road, and the position or the



US 9,062,987 B2

3

angle of the object is fixed. The feature may include, for
example, obstacles, buildings, and road signs (including road
surface markings).

According to a third aspect, in the travel guidance system
according to the second aspect, the feature detecting unit
detects the feature formed on the road on which the movable
body travels from an image captured by an image capturing
unit attached to the movable body, and the passage determin-
ing unit determines that the movable body has passed through
the guidance starting point when a distance obtained by add-
ing the travel distance to a distance between the feature and
the movable body when the feature is detected by the feature
detecting unit becomes more than or equal to the feature
distance.

According to a fourth aspect, the travel guidance system
according to the second or third aspect further includes a
feature-information acquiring unit that acquires feature infor-
mation of the feature detected by the feature detecting unit
and positional information associated with the feature. The
feature-distance acquiring unit acquires the feature distance
from the feature information and positional information relat-
ing to the exit-side traffic light at the preceding junction.

According to a fifth aspect, in the travel guidance system
according to any one of the second to fourth aspects, the
feature is a road surface marking formed on a road surface on
which the movable body travels.

The term “road surface marking” herein includes, for
example, stop lines, pedestrian crossings, character strings,
and maximum speeds.

According to a sixth aspect, in the travel guidance system
according to the fifth aspect, the feature detecting unit detects
a stop line as the road surface marking.

According to a seventh aspect, in the travel guidance sys-
tem according to any one of the first to sixth aspects, the
movable body is a vehicle. The travel guidance system further
includes a vehicle-information acquiring unit that acquires
vehicle information relating to the vehicle; and a switching-
point determining unit that determines a switching point at
which a state of the exit-side traffic light at the preceding
junction is switched from visible to invisible to an occupant of
the vehicle from the vehicle information. The guidance start-
ing point is the switching point.

A travel guidance apparatus according to an eighth aspect
includes a navigation-route setting unit that sets a navigation
route along which a movable body is guided and a guidance
junction on the navigation route; a traffic-light-position
acquiring unit that acquires a position of an exit-side traffic
light at a preceding junction that is located closer to a depar-
ture place of the navigation route than the guidance junction;
a movable-body-position acquiring unit that acquires a posi-
tion of the movable body; a guidance-starting-point acquiring
unit that acquires a position of a guidance starting point
serving as a point determined from a position of the movable
body relative to the exit-side traffic light at the preceding
junction and serving as a point where guidance on the guid-
ance junction starts; a passage determining unit that deter-
mines whether or not the movable body has passed through
the guidance starting point from the position of the movable
body and the position of the guidance starting point; and a
junction guiding unit that starts the guidance on the guidance
junction when the passage determining unit determines that
the movable body has passed through the guidance starting
point.

A travel guidance method according to a ninth aspect
includes the steps of: setting a navigation route along which a
movable body is guided and a guidance junction on the navi-
gation route; acquiring a position of an exit-side traffic light at
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apreceding junction that is located closer to a departure place
of the navigation route than the guidance junction; acquiring
a position of the movable body; acquiring a position of a
guidance starting point serving as a point determined from a
position of the movable body relative to the exit-side traffic
light at the preceding junction and serving as a point where
guidance on the guidance junction starts; determining
whether or not the movable body has passed through the
guidance starting point from the position of the movable body
and the position of the guidance starting point; and starting
the guidance on the guidance junction when it is determined
that the movable body has passed through the guidance start-
ing point.

A computer program according to a tenth aspect causes the
computer to perform the functions of: setting a navigation
route along which a movable body is guided and a guidance
junction on the navigation route; acquiring a position of an
exit-side traffic light at a preceding junction that is located
closer to a departure place of the navigation route than the
guidance junction; acquiring a position of the movable body;
acquiring a position of a guidance starting point serving as a
point determined from a position of the movable body relative
to the exit-side traffic light at the preceding junction and
serving as a point where guidance on the guidance junction
starts; determining whether or not the movable body has
passed through the guidance starting point from the position
of'the movable body and the position of the guidance starting
point; and starting the guidance on the guidance junction
when it is determined that the movable body has passed
through the guidance starting point.

In the travel guidance system according to the first aspect
having the above-described structure, the guidance on the
guidance junction is started when the movable body passes
through the guidance starting point determined from the posi-
tion of the movable body relative to the exit-side traffic light
at the preceding junction. This enables the guidance on the
guidance junction to be started at an appropriate timing based
on the details of the guidance. As a result, the user can cor-
rectly identify the guidance junction.

In the travel guidance system according to the second
aspect, it is determined whether or not the movable body has
passed through the guidance starting point from the travel
distance of the movable body after the feature is detected and
the feature distance between the feature and the guidance
starting point. This enables the positional relationship
between the movable body and the guidance starting point to
be correctly determined using the feature provided at the
preceding junction. As a result, the guidance on the guidance
junction can be started exactly when the movable body passes
through the guidance starting point.

In the travel guidance system according to the third aspect,
the movable body captures the image of the feature using the
image capturing unit, and thereby the position of the movable
body after the image of'the feature is captured can be correctly
determined from the position of the movable body relative to
the feature. As a result, the positional relationship between
the movable body and the guidance starting point can be
correctly determined, and the guidance on the guidance junc-
tion can be started exactly when the movable body passes
through the guidance starting point.

In the travel guidance system according to the fourth
aspect, the feature distance between the feature and the guid-
ance starting point is acquired from the feature information of
the feature and the positional information associated with the
feature. This enables the feature distance to be easily calcu-
lated from the feature information without extra processes for
calculating the feature distance.
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In the travel guidance system according to the fifth aspect,
it is determined whether or not the movable body has passed
through the guidance starting point from the travel distance of
the movable body after the road surface marking formed on
the road surface is detected and the feature distance between
the road surface marking and the guidance starting point. This
enables the positional relationship between the movable body
and the guidance starting point to be correctly determined
using the road surface marking such as a stop line and a
pedestrian crossing formed at the preceding junction.

In the travel guidance system according to the sixth aspect,
it is determined whether or not the movable body has passed
through the guidance starting point from the travel distance of
the movable body after the stop line formed on the road
surface is detected and the feature distance between the stop
line and the guidance starting point. This enables the posi-
tional relationship between the movable body and the guid-
ance starting point to be correctly determined using the stop
line formed at the preceding junction. Since there is an
extremely high probability that stop lines are drawn on the
road surface near junctions at which traffic lights are installed,
the positional relationship between the movable body and the
guidance starting point is reliably determined when the mov-
able body passes through the preceding junction.

In the travel guidance system according to the seventh
aspect, the switching point at which the state of the exit-side
traffic light at the preceding junction is switched from visible
to invisible to the occupant of the vehicle is defined as the
guidance starting point. This enables the guidance on the
guidance junction to be started when the exit-side traffic light
at the preceding junction becomes invisible to the vehicle
occupant. As a result, the guidance on the guidance junction
can be started at an appropriate timing based on the details of
the guidance. In particular, a significant effect can be obtained
when the guidance uses traffic lights.

In the travel guidance apparatus according to the eighth
aspect, the guidance on the guidance junction is started when
the movable body passes through the guidance starting point
determined from the position of the movable body relative to
the exit-side traffic light at the preceding junction. This
enables the guidance on the guidance junction to be started at
an appropriate timing based on the details of the guidance. As
a result, the user can correctly identify the guidance junction.

Inthe travel guidance method according to the ninth aspect,
the guidance on the guidance junction is started when the
movable body passes through the guidance starting point
determined from the position of the movable body relative to
the exit-side traffic light at the preceding junction. This
enables the guidance on the guidance junction to be started at
an appropriate timing based on the details of the guidance. As
a result, the user can correctly identify the guidance junction.

In the computer program according to the tenth aspect, the
guidance on the guidance junction is started when the mov-
able body passes through the guidance starting point deter-
mined from the position of the movable body relative to the
exit-side traffic light at the preceding junction. This enables
the guidance on the guidance junction to be started at an
appropriate timing based on the details of the guidance. As a
result, the user can correctly identify the guidance junction.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a block diagram of a navigation system according
to an exemplary embodiment;

FIG. 2 illustrates example traffic lights installed at a junc-
tion;

FIG. 3 illustrates an example storage area in a feature DB;
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FIG. 4 illustrates an example guidance phrase condition
table;

FIG. 5 illustrates a guidance starting point defined by the
guidance phrase condition table;

FIG. 6 is a flow chart ofa junction guiding program accord-
ing to the exemplary embodiment;

FIG. 71is atlow chart ofa sub-process program of'a junction
guidance determination process according to the exemplary
embodiment;

FIG. 8A illustrates a guidance junction, and FIG. 8B illus-
trates an example feature table;

FIG. 9 illustrates a guidance starting point;

FIG. 10 illustrates a method of calculating a distance M
between a stop line at a preceding junction last recognized
and a guidance starting point at which the next guidance is to
be provided;

FIG. 11 is a side view of a vehicle that captures an image of
the stop line;

FIG. 12 illustrates the image of the stop line captured by a
back camera of the vehicle; and

FIG. 13 illustrates a method of calculating a distance N
between the stop line at the preceding junction last recog-
nized and the current position of the vehicle.

DETAILED DESCRIPTION OF THE
EMBODIMENTS

An exemplary embodiment of a travel guidance system and
a travel guidance apparatus, embodied as a navigation sys-
tem, will now be described in detail with reference to the
drawings. First, the structure of a navigation system 1 accord-
ing to this exemplary embodiment will be schematically
described with reference to FIG. 1. FIG. 1 is a block diagram
of the navigation system 1 according to this embodiment.

As illustrated in FIG. 1, the navigation system 1 according
to this embodiment includes a current-position detecting unit
11 that detects the current position of a vehicle in which the
navigation system 1 is installed, a data recording unit 12 that
records various data, a navigation electronic control unit
(ECU) 13 that performs various calculations on the basis of
input information, an operating unit 14 that receives opera-
tions from users, a liquid crystal display 15 that displays a
map of an area around the vehicle and facility information
relating to facilities for the users, a speaker 16 that outputs
voice guidance on navigation routes, a DVD drive 17 that
reads DVDs serving as storage media, and a communication
module 18 that communicates with information centers such
as probe centers and the Vehicle Information and Communi-
cation System (VICS; registered trademark in Japan) center.
In addition, a back camera 19 for detecting road surface
markings (described below) is connected to the navigation
system 1.

Components that constitute the navigation system 1 will
now be described in sequence.

The current-position detecting unit 11 includes, for
example, a GPS 21, a vehicle speed sensor 22, a steering
sensor 23, and a gyroscopic sensor 24 to detect the current
position, the orientation, and the travel speed of the vehicle,
the current time, and other parameters. In particular, the
vehicle speed sensor 22 detects the travel distance and the
speed of the vehicle, and generates pulses in accordance with
the rotation of driving wheels of the vehicle to output pulse
signals to the navigation ECU 13. The navigation ECU 13
counts the generated pulses to calculate the rotational speed
of the driving wheels and the travel distance. The navigation
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system 1 does not need to include all the five sensors
described above, and may include only one or more sensors
among the five sensors.

The data recording unit 12 includes a hard disk (not illus-
trated) and a recording head (not illustrated). The hard disk
serves as an external storage device and a recording medium,
and the recording head serves as a driver for reading, for
example, a map information database (DB) 31, a feature DB
32, a guidance phrase condition table 33, a feature table 34,
and predetermined programs recorded in the hard disk and for
writing predetermined data into the hard disk. The data
recording unit 12 may include optical disks such as memory
cards, CDs, and DVDs instead of the hard disk.

The map information DB 31 is a storage unit that stores, for
example, link data 35 relating to roads (links), node data 36
relating to nodes, junction data 37 relating to junctions, point
data relating to points such as facilities, map display data for
displaying maps, route search data for searching for routes,
and point search data for searching for points.

The link data 35 includes, for example, link IDs used to
identify the links, end node information used to determine
nodes located at the ends of the links, and the types and the
numbers of traffic lanes of the roads that constitute the links.
The node data 36 includes, for example, node IDs used to
identify the nodes, the positional coordinates of the nodes,
and target node information used to determine target nodes to
which the nodes are connected via the links. The junction data
37 includes, for example, relevant node information used to
determine nodes that form the junctions (intersections), con-
nected link information used to determine links connected to
the junctions (herein after referred to as “connected links”),
and ftraffic light information 38 relating to traffic lights
installed near the junctions.

The traffic light information 38 includes, for each of the
traffic lights installed near junctions (intersections) in the
country, information such as orientation of the traffic light
(that is, the direction in which the traffic light faces; herein-
after referred to as “installation orientation”), the number of
lights (three-light type, one-light type, and the like), and the
positional coordinates of the traffic light (hereinafter referred
to as “installation coordinates™). In cases where a plurality of
traffic lights are installed near of one junction, the installation
orientation and the installation coordinates are stored in the
traffic light information 38 for each of the plurality of traffic
lights. For example, as illustrated in F1G. 2, eight traffic lights
52 to 59 are installed at a junction 51 at which roads, each
having two traffic lanes on each side, intersect with each
other. In this case, the traffic light information 38 relating to
the junction 51 includes the installation orientation, the instal-
lation coordinates, and the like of the traffic lights 52 to 59.

The traffic light information 38 may include only informa-
tion relating to a traffic light nearest to an exit side of the
junction for each exit direction, that is, the last traffic light
visible to the user when the vehicle passes through the junc-
tion (hereinafter referred to as an “exit-side traffic light”). For
example, at the junction 51 illustrated in FIG. 2, the traffic
light information 38 includes information relating to the traf-
fic light 53 serving as the exit-side traffic light when the
vehicle travels in an exit direction from bottom to top in FIG.
2, information relating to the traffic light 55 serving as an
exit-side traffic light when the vehicle travels in an exit direc-
tion from top to bottom in FIG. 2, information relating to the
traffic light 57 serving as an exit-side traffic light when the
vehicle travels in an exit direction from left to right in FIG. 2,
and information relating to the traffic light 59 serving as an
exit-side traffic light when the vehicle travels in an exit direc-
tion from right to left in FIG. 2. That is, the traffic light
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information 38 may include only the installation orientation
and the installation coordinates of the traffic lights 53, 55, 57,
and 59 among the eight traffic lights 52 to 59. Alternatively,
the traffic light information 38 may include only information
relating to a traffic light nearest to an access side of the
junction (in other words, a departure place side) for each
access direction, that is, the first traffic light visible to the user
when the vehicle enters the junction (hereinafter referred to as
an “access-side traffic light”). Instead of traffic lights, infor-
mation relating to stop lines may be included in the traffic
light information 38.

The navigation ECU 13 determines a guidance junction
that is located in front of the vehicle in the direction of travel
and junctions that are located closer to a departure place of a
navigation route than the guidance junction (hereinafter
referred to as “preceding junctions”) based on the data stored
in the map information DB 31 as described below. The navi-
gation ECU 13 also acquires the traffic light information 38
relating to traffic lights near the guidance junction and the
preceding junctions. The navigation ECU 13 creates the fea-
ture table 34 (described below; see FIG. 8) on the basis of
information relating to the determined guidance junction and
the preceding junctions and the acquired traffic light infor-
mation 38. The guidance junction herein refers to a junction at
which the user is instructed to, for example, turn left or right
while the navigation system 1 provides travel guidance
according to the navigation route set in the navigation system
1.

The feature DB 32 includes information relating to road
surface markings serving as features formed on road surfaces.
FIG. 3 illustrates an example storage area in the feature DB
32. As illustrated in FIG. 3, the feature DB 32 includes coor-
dinate data for determining the positions of the road surface
markings on maps, type information for identifying the types
(for example, stop lines, pedestrian crossings, character
strings, and maximum speeds) of the road surface markings
formed on the road surfaces, identifiers (IDs), objects to be
controlled associated with the road surface markings (for
example, stop lines, corners, junctions, and traffic lights), and
along-the-road distances to the objects to be controlled asso-
ciated with the road surface markings.

For example, in the example illustrated in FIG. 3, a road
surface marking of “stop line (ID: 123)” is formed at coordi-
nates (x1, y1), and is associated with a “junction”, located
eight meters ahead, as an object to be controlled. When the
navigation ECU 13 identifies any of the road surface mark-
ings recorded in the feature DB 32 from an image captured by
the back camera 19, the navigation ECU 13 indirectly calcu-
lates a detailed distance between the vehicle and the object to
be controlled associated with the identified road surface
marking from the along-the-road distance to the object to be
controlled to perform guidance and vehicle control on the
basis of the calculated distance.

The guidance phrase condition table 33 includes details of
phrases to be output when guidance on a guidance junction is
provided. The guidance phrase condition table 33 also
includes, for example, conditions for starting the guidance
output associated with the phrases. The guidance phrase con-
dition table 33 will be described in more detail with a specific
example. FIG. 4 illustrates an example guidance phrase con-
dition table 33. FIG. 5 illustrates a guidance starting point
defined by the guidance phrase condition table 33 illustrated
in FIG. 4. FIG. 4 illustrates guidance, among the guidance
instructions on a guidance junction, to be output in cases
where, in particular, a traffic light is installed at the guidance
junction and where the user is instructed to turn right or left
with expressions using the traffic light. In the following
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example, traffic lights are installed at both the guidance junc-
tion and preceding junctions. The junction next to the guid-
ance junction on the near side (on the departure place side
along the navigation route) is referred to as a first preceding
junction, the junction next to the first preceding junction on
the near side (on the departure place side along the navigation
route) is referred to as a second preceding junction, and the
junction next to the second preceding junction on the near
side (on the departure place side along the navigation route) is
referred to as a third preceding junction.

As illustrated in FIG. 4, in cases where guidance such as
“turn left (right) at the second traffic light” is provided, the
output of the guidance needs to be started while the user can
count two traffic lights including the traffic light at the guid-
ance junction before the vehicle enters the guidance junction.
To do this, output of the guidance phrase such as “turn left
(right) at the second traffic light” is started when the vehicle
has passed through a guidance starting point set for an exit-
side traffic light at the second preceding junction. In this
embodiment, the guidance starting point set for the exit-side
traffic light at the second preceding junction corresponds to a
point where the state of the exit-side traffic light at the second
preceding junction is switched from visible to invisible to an
occupant (in particular, the driver) of the vehicle. The point at
which the state of the exit-side traffic light at the second
preceding junction is switched from visible to invisible to the
vehicle occupant is determined from the position of the
vehicle relative to the exit-side traffic light, and varies
depending on the type of the vehicle (more specifically,
depending on the shape of the vehicle and the shape of the
front window). For example, in cases where the state of the
exit-side traffic light at the second preceding junction is
switched from visible to invisible to the vehicle occupant
when the vehicle passes through a point five meters short of
the exit-side traffic light at the second preceding junction, a
point A five meters short of an exit-side traffic light 63 at a
second preceding junction 62 next but one to a guidance
junction 61 on the near side of the guidance junction 61 is set
as a guidance starting point as illustrated in FIG. 5, and
guidance on the guidance junction is provided when the
vehicle passes through the point A. This enables the user
provided with the guidance to count two junctions, that is, a
first preceding junction 64 and the guidance junction 61 at
which traffic lights are installed, before the vehicle enters the
guidance junction 61, and to clearly identify that “the second
traffic light” is an access-side traffic light 65 installed at the
guidance junction 61.

Herein, the number of traffic lights in the guidance phrase
is desirably the number of traffic lights in units of junctions.
That is, in cases where a plurality of traffic lights are installed
atthe same junction of, for example, a large road, the plurality
of traffic lights are desirably counted as one. In this case, the
number of traffic lights in the guidance phrase corresponds to
that of the junctions at which the traffic lights are installed
(that is, intersections with the traffic lights). However, it is
desirable that traffic lights (for example, push-button traffic
lights) installed at positions other than junctions be also
counted in cases where the number of traffic lights is counted
in units of junctions. The same applies to the following
description.

The guidance phrase condition table 33 similarly includes
other guidance phrases. The navigation directions at the guid-
ance junction may include, for example, diagonally right
(left) and nearer right (left) in addition to left and right.

The feature table 34 is created by the navigation ECU 13
when the vehicle reaches a point within a predetermined
distance (for example, within 1.47 kilometers) from the guid-

20

25

30

35

40

45

50

55

60

65

10

ance junction as described below. The feature table 34 speci-
fies the positions of stop lines and exit-side traffic lights at the
guidance junction and the preceding junctions relative to the
guidance junction in front of the vehicle in the direction of
travel (see FIGS. 8A and 8B). The feature table 34 will be
described in detail below.

The navigation ECU 13 controls the entire navigation sys-
tem 1. The navigation ECU 13 includes a CPU 41 and internal
storage devices. The CPU 41 serves as a computing device
and a control device. The internal storage devices include, for
example, a RAM 42 that serves as a working memory used
when the CPU 41 performs various computations and that
stores data such as route data obtained when routes are
searched for; a ROM 43 in which programs for control, a
junction guiding program (described below; see FIGS. 6 and
7), and other programs are recorded; and a flash memory 44
that stores the programs read from the ROM 43. Herein, the
navigation ECU 13 configures various units serving as pro-
cessing algorithms. For example, a navigation-route setting
unit sets a navigation route from a place of departure (for
example, the current position of the vehicle (movable body))
to a destination and a guidance junction to guide traveling of
the vehicle. A traffic-light-position acquiring unit acquires
the positions of exit-side traffic lights at preceding junctions
that are located closer to the departure place of the navigation
route than the guidance junction. A movable-body-position
acquiring unit acquires the position of the movable body
(vehicle). A guidance-starting-point acquiring unit acquires
the positions of guidance starting points determined from the
position of the movable body relative to the exit-side traffic
lights at the preceding junctions. A passage determining unit
determines whether or not the movable body has passed
through the guidance starting points from the position of the
movable body and the positions of the guidance starting
points. A junction guiding unit starts guidance on the guid-
ance junction when the passage determining unit determines
that the movable body has passed through the guidance start-
ing point. A feature detecting unit detects features (for
example, stop lines) on the departure place side of the navi-
gationroute at the preceding junctions. A distance calculating
unit calculates the travel distance of the movable body after
the feature detecting unit detects the features. A feature-
distance acquiring unit acquires distances between the fea-
tures and the guidance starting points (feature distances). A
feature-information acquiring unit acquires feature informa-
tion. The feature information includes the features detected
by the feature detecting unit and positional information asso-
ciated with the features. A vehicle-information acquiring unit
acquires vehicle information relating to the vehicle. A switch-
ing-point determining unit determines switching points at
which the state of the exit-side traffic lights at the preceding
junctions is switched from visible to invisible to the vehicle
occupant on the basis of the vehicle information.

The operating unit 14 includes operating switches (not
illustrated) such as various keys and buttons, and is operated
when, for example, the user inputs a place of departure serv-
ing as a travel starting point and a destination serving as a
travel end point. The navigation ECU 13 performs control to
execute various operations corresponding to switching sig-
nals output, for example, when the switches are pushed down.
The operating unit 14 may include a touch panel disposed on
the front surface of the liquid crystal display 15. In addition,
the operating unit 14 may include a microphone and a voice
recognition device.

The liquid crystal display 15 displays, for example, map
images including roads, traffic information, operation guid-
ance, operation menus, key guidance, a navigation route from
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the place of departure to the destination, guidance along the
navigation route, news, weather forecasts, time, email mes-
sages, and television programs. In particular, in this embodi-
ment, when the vehicle reaches such a point that the guidance
junction is located within a predetermined distance (for
example, 300 meters) ahead of the vehicle in the direction of
travel, the liquid crystal display 15 displays an enlarged view
in the vicinity of the guidance junction and the direction of
travel of the vehicle at the guidance junction.

The speaker 16 outputs guidance such as traffic informa-
tion and voice guidance used to guide the driver along the
navigation route on the basis of instructions issued from the
navigation ECU 13. In particular, in this embodiment, when
the guidance junction exists in front of the vehicle in the
direction of travel, the speaker 16 outputs voice guidance on
the guidance junction at a predetermined guidance starting
timing based on the details of the guidance. For example,
voice guidance such as “turn left at the second traffic light™ is
output when the exit-side traffic light at the second preceding
junction becomes invisible to the vehicle occupant.

The DVD drive 17 can read data recorded in recording
media such as DVDs and CDs. For example, reproduction of
music and video and update of the map information DB 31 are
carried out on the basis of the data read by the DVD drive 17.

The communication module 18 is a communication device
that receives traffic information including congestion infor-
mation, restriction information, and traffic accident informa-
tion transmitted from traffic information centers such as the
VICS center and probe centers. The communication module
18 corresponds to, for example, a cellular phone or a data
communication module (DCM).

The back camera 19 uses a solid-state image sensor such as
aCCD sensor, and is provided near an upper central portion of
a license plate at the back of the vehicle such that the line of
sight of the back camera 19 is directed downward by a pre-
determined angle from a horizontal line. The back camera 19
captures images behind the vehicle in a direction opposite to
the direction of travel while the vehicle travels. The types and
the positions of the features around the vehicle are detected by
performing image recognition processing on the captured
images. Detailed along-the-road distances between the
vehicle and objects to be controlled (for example, stop lines,
corners, junctions, and traffic lights) are indirectly calculated
from the detected features.

The junction guiding program executed by the navigation
ECU 13 in the navigation system 1 having the above-de-
scribed configuration will now be described with reference to
FIG. 6. FIG. 6 is a flow chart of the junction guiding program
according to this embodiment. Herein, the junction guiding
program is a program to provide guidance on the guidance
junction on the navigation route, and is repeatedly executed at
predetermined intervals (for example, each time the current
position of the vehicle is detected) after the accessory (ACC)
power of the vehicle is turned on. The program illustrated in
the flow charts in FIGS. 6 and 7 are stored in, for example, the
RAM 42 or the ROM 43 included in the navigation system 1,
and executed by the CPU 41.

In Step 1 of the junction guiding program, the CPU 41
determines whether or not route guidance based on a naviga-
tion route set in the navigation system 1 is being provided. In
the following description, “Step” is abbreviated as “S”. The
navigation route is a recommended route from a place of
departure (for example, the current position of the vehicle) to
a destination selected by the user, and is set on the basis of
route search results. Route search is performed on the basis
of, for example, well-known Dijkstra’s algorithm using infor-
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mation such as the link data 35 and the node data 36 stored in
the map information DB 31 and traffic information acquired
from the VICS center.

If it is determined that route guidance based on the navi-
gation route set in the navigation system 1 is being provided
(Yes in S1), the process proceeds to S2. If it is determined that
route guidance based on the navigation route set in the navi-
gation system 1 is not being provided (No in S1), the junction
guiding program is ended.

In S2, the CPU 41 acquires the current position of the
vehicle from results obtained by the current-position detect-
ing unit 11. The CPU 41 also performs map matching in
which the current position of the vehicle on map data is
determined. It is desirable that the current position of the
vehicle be accurately determined using a high-precision loca-
tion technology as described below. The high-precision loca-
tion technology herein enables detection of cruising lanes and
the highly accurate position of the vehicle by detecting infor-
mation relating to white lines and road surface paintings
captured by the back camera 19 attached to the rear of the
vehicle using image recognition and by comparing the infor-
mation with the feature DB 32 in which information relating
to white lines and road surface paintings is stored in advance.

In S3, the CPU 41 acquires the navigation route (including
a guidance junction on the navigation route) set in the navi-
gation system 1.

In S4, the CPU 41 determines whether or not a guidance
junction exists in front of the vehicle in the direction of travel
within a predetermined distance (for example, 1.47 kilome-
ters) on the basis of the current position of the vehicle
acquired in S2 and the navigation route acquired in S3. As
described above, the guidance junction refers to a junction at
which the user is instructed to, for example, turn left or right
while the navigation system 1 provides travel guidance
according to the navigation route set in the navigation system
1.

Ifit is determined that a guidance junction exists in front of
the vehicle in the direction of travel within a predetermined
distance (Yes in S4), the process proceeds to S5. If it is
determined that no guidance junction exists in front of the
vehicle in the direction of travel within a predetermined dis-
tance (No in S4), the junction guiding program is ended.

In S5, the CPU 41 determines whether or not the guidance
onthe guidance junction in front of the vehicle in the direction
of travel has already been provided. In particular, in S5, it is
determined whether or not a voice guidance instruction to, for
example, turn right or left at the guidance junction has been
provided among the guidance instructions on the guidance
junction.

If it is determined that the guidance on the guidance junc-
tion in front of the vehicle in the direction of travel has already
been provided (Yes in S5), the junction guiding program is
ended. If it is determined that the guidance on the guidance
junction in front of the vehicle in the direction of travel has not
been provided yet (No in S5), the process proceeds to S6.

In S6, the CPU 41 performs a junction guidance determi-
nation process (described below; see FIG. 7). The junction
guidance determination process determines whether or not
the timing of starting the guidance on the guidance junction
located in front of the vehicle in the direction of travel has
come using the high-precision location technology, and starts
the guidance on the guidance junction when it is determined
that the timing of starting the guidance has come.

Next, sub-processes of the junction guidance determina-
tion process performed in S6 will be described with reference
to FIG. 7. FIG. 7 is a flow chart of a sub-process program of
the junction guidance determination process.
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In S11, the CPU 41 determines whether or not the feature
table 34 for the guidance junction located in front of the
vehicle in the direction of travel has been created. The feature
table 34 is created in S12 described below, and specifies the
positions of the stop lines and the exit-side traffic lights at the
guidance junction and the preceding junctions relative to the
guidance junction in front of the vehicle in the direction of
travel.

Ifit is determined that the feature table 34 for the guidance
junction located in front of the vehicle in the direction of
travel has been created (Yes in S11), the process proceeds to
S14. If it is determined that the feature table 34 for the guid-
ance junction located in front of the vehicle in the direction of
travel has not been created (No in S11), the process proceeds
to S12.

In S12, the CPU 41 acquires positional information relat-
ing to the guidance junction located in front of the vehicle in
the direction of travel and the preceding junctions located on
the near side of the guidance junction from the map informa-
tion DB 31. The CPU 41 also acquires information relating to
the exit-side traffic lights (for example, the positional coor-
dinates and the number of lights) installed at the guidance
junction and the preceding junctions from the traffic light
information 38. The CPU 41 further acquires information
relating to the stop lines (including virtual stop lines in addi-
tion to real stop lines) formed at the guidance junction and the
preceding junctions (for example, the positional coordinates
and the distances to the junctions serving as objects to be
controlled) from the feature DB 32 (see FIG. 3). The feature
table 34 is then created on the basis of the acquired informa-
tion. The preceding junctions for which the feature table 34 is
created may include all the preceding junctions between the
current position of the vehicle and the guidance junction, or
may include only predetermined preceding junctions (for
example, from the first preceding junction to the third pre-
ceding junction).

FIG. 8B illustrates an example feature table 34 created in
S12. With reference FIG. 8A, the positions of an exit-side
traffic light 76 and a stop line 80 at the guidance junction 72,
an exit-side traffic light 77 and a stop line 81 at a first preced-
ing junction 73, an exit-side traffic light 78 and a stop line 82
ata second preceding junction 74, and an exit-side traffic light
79 and a stop line 83 at a third preceding junction 75 relative
to a guidance junction 72 in front of a vehicle 71 in the
direction of travel are recorded in the feature table 34 illus-
trated in FIG. 8B.

For example, the feature table 34 records information indi-
cating that the exit-side traffic light 76 at the guidance junc-
tion 72 is of the three-light type and is installed 10 meters
away from the guidance junction 72 on a side of the guidance
junction 72 opposite to a departure place side of the guidance
junction 72. Furthermore, the feature table 32 records infor-
mation indicating that the stop line 82 at the second preceding
junction 74 is a virtual stop line having an ID of 345 and is
formed 220 meters away from the guidance junction 72 on the
departure place side of the guidance junction 72. Relative
distances between the guidance junction 72 and the exit-side
traffic lights 76 to 79 are calculated from, for example, the
positional coordinates of the guidance junction 72 and the
positional coordinates of the exit-side traffic lights 76 to 79
acquired from the traffic light information 38. Relative dis-
tances between the guidance junction 72 and the stop lines 80
to 83 are calculated from, for example, the positional coordi-
nates of the junctions 72 to 75 and the distances between the
stop lines 80 to 83 and the junctions 72 to 75, respectively,
serving as the objects to be controlled acquired from the
feature DB 32 (see FIG. 3).
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In S13, the CPU 41 determines details of guidance phrases
provided during guidance on the guidance junction and guid-
ance starting points at which the guidance on the guidance
junction starts on the basis of the feature table 34 created in
S12. For example, in cases where the vehicle is to turn left at
the guidance junction in front of the vehicle in the direction of
travel along the navigation route, the CPU 41 determines
guidance phrases such as “turn left at the third traffic light”,
“turn left at the second traffic light”, and “turn left at the next
traffic light”. A point at which the state of the exit-side traffic
light at the third preceding junction is switched from visible to
invisible to the vehicle occupant (in particular, the driver) is
determined as the guidance starting point for the guidance
such as “turn left at the third traffic light”. Similarly, a point at
which the state of the exit-side traffic light at the second
preceding junction is switched from visible to invisible to the
vehicle occupant (in particular, the driver) is determined as
the guidance starting point for the guidance such as “turn left
atthe second traffic light”. Similarly, a point at which the state
of the exit-side traffic light at the first preceding junction is
switched from visible to invisible to the vehicle occupant (in
particular, the driver) is determined as the guidance starting
point for the guidance such as “turn left at the next traffic
light”.

The points at which the state of the exit-side traffic lights at
the preceding junctions is switched from visible to invisible to
the vehicle occupant are determined from the position of the
vehicle relative to the exit-side traffic lights, and vary depend-
ing on the type of the vehicle (more specifically, depending on
the shape of the vehicle and the shape of the front window).
Specifically, as illustrated in FIG. 9, the points at which the
exit-side traffic lights 76 to 79 become invisible to an occu-
pant 85 of the vehicle 71 while the vehicle 71 is traveling are
defined as the guidance starting points. The positions of the
guidance starting points are specified by a distance X from the
exit-side traffic lights 76 to 79 in a direction toward the place
of'departure. The distance X that varies depending on the type
of'the vehicle is recorded in the data recording unit 12, and the
CPU 41 acquires the distance X from the data recording unit
12 as vehicle information to determine the guidance starting
points in S13. The distance X may be a fixed value (for
example, five meters).

In S14, the CPU 41 determines whether or not the vehicle
is within 40 meters in the back and forth direction of travel
from the stop lines at the preceding junctions based on the
feature table created in S12 and the current position of the
vehicle acquired in S2.

Ifitis determined that the vehicle is within 40 meters in the
back and forth direction of travel from one of the stop lines at
the corresponding preceding junction (Yes in S14), the pro-
cess proceeds to S15. Ifitis determined that the vehicle is not
within 40 meters in the back and forth direction of travel from
one of the stop lines at the corresponding preceding junction
(No in S14), the process proceeds to S17.

In S15, the CPU 41 determines whether or not the stop line
at the preceding junction is recognized (detected) in a feature
recognition process performed at predetermined intervals in
parallel with the junction guiding program. The feature rec-
ognition process recognizes (detects) a relevant road surface
marking from images captured by the back camera 19 when
the vehicle is within a predetermined distance (for example,
40 meters) of the positional coordinates of road surface mark-
ings recorded in the feature DB 32 (see FIG. 3).

If it is determined that the stop line at the preceding junc-
tion is recognized (detected; Yes in S15), the process proceeds
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to S16. If it is determined that the stop line at the preceding
junction is not recognized (not detected; No in S15), the
process proceeds to S17.

In S16, the CPU 41 acquires from the feature DB 32 the ID
for identifying the recognized stop line at the preceding junc-
tion, and stores the ID in the RAM 42. The ID is overwritten
with a new ID every time a new stop line at the corresponding
preceding junction is recognized. That is, the ID of the stop
line at the preceding junction last recognized is stored in the
RAM 42. The total travel distance of the vehicle when the stop
line at the preceding junction is recognized is also acquired.
The total travel distance is the mileage accumulated between
the instant when the vehicle is manufactured and the present,
and is acquired from, for example, a memory installed in the
vehicle. The total travel distance of the vehicle is also stored
in the RAM 42.

In S17, the CPU 41 calculates a distance M between the
stop line at the preceding junction last recognized and the
guidance starting point at which the next guidance is to be
provided. Specifically, the distance M is calculated from the
feature table 34 (see FIG. 8) created in S12 and the guidance
starting points determined in S13.

A method of calculating the distance M in S17 will now be
described with a specific example.

For example, in FIG. 10, the vehicle 71 heading to the
guidance junction 72 has just recognized the stop line 83 at
the third preceding junction 75, and guidance such as “turn
left at the second traffic light” is going to be provided. In the
example illustrated in FIG. 10, the guidance starting point at
which the next guidance is to be provided is a point a prede-
termined distance X short of the exit-side traffic light 78 at the
second preceding junction 74 as described above. Therefore,
the CPU 41 first acquires from the feature table 34 a distance
A between the stop line 83 and the guidance junction 72 and
a distance B between the exit-side traffic light 78 and the
guidance junction 72. Subsequently, the distance M is calcu-
lated from the following Expression (1).

M=4-B-X o)

In S18, the CPU 41 calculates a distance N from the stop
line at the preceding junction last recognized to the current
position of the vehicle. Specifically, the distance N is calcu-
lated from the feature table 34 (see FIG. 8) created in S12, the
total travel distance of the vehicle when the stop line was
recognized stored in S16, the newly acquired current total
travel distance of the vehicle, and results of image recognition
performed on the image of the stop line.

A method of calculating the distance N in S18 will now be
described with a specific example.

The CPU 41 first calculates the distance between the stop
line recognized by the back camera 19 of the vehicle and the
vehicle (in particular, driver’s seat). FIG. 11 is a side view of
the vehicle that captures images of the stop line 83, and FIG.
12 illustrates an image 88 of the stop line 83 captured by the
back camera 19 of the vehicle.

As illustrated in FIG. 11, the back camera 19 is attached to
the vehicle such that the optical axis L thereof is directed
downward by a predetermined angle 8 (for example, 45°)
from a horizontal line to capture images of the periphery and
behind a rear bumper 89 of the vehicle 71, and the capturing
range of the back camera 19 is fixed. Therefore, the distance
to the object can be calculated from the position (specifically,
the number of pixels from the lower edge) of the image data
in the image captured by the back camera 19 illustrated in
FIG. 12.

Measurement starting points for measuring the distances to
the vehicle are defined in advance for road surface markings
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including stop lines, and are set at corners or end portions of
lines (boundaries) that form the road surface markings. For
example, a measurement starting point Y is set at a central
portion of a boundary on a vehicle side between the stop line
83 and a road surface 90. Therefore, the CPU 41 can calcu-
lates a distance D1 between the back camera 19 and the
measurement starting point Y from the position of the mea-
surement starting point Y (specifically, the number of pixels
from the lower edge to the measurement starting point) in the
captured image of the stop line 83 illustrated in FIG. 12.

The CPU 41 also acquires a distance D2 between the posi-
tion of the back camera 19 and the vehicle (in particular, the
driver’s seat). The distance D2 between the position of the
back camera 19 and the vehicle (in particular, the driver’s
seat) is stored in the data recording unit 12 as the vehicle
information in advance.

Subsequently, the CPU 41 calculates a difference E
between the newly acquired current total travel distance of the
vehicle and the total travel distance of the vehicle when the
stop line was recognized stored in S16. The difference E
herein corresponds to the travel distance of the vehicle from
the instant of the latest stop-line recognition to the present.
Subsequently, the distance N is calculated from the following
Expression (2) as illustrated in FIG. 13.

N=D1+D2+E )

In S19, the CPU 41 determines whether or not the distance
N between the stop line at the preceding junction last recog-
nized and the current position of the vehicle calculated in S18
is more than or equal to the distance M between the stop line
at the preceding junction last recognized and the guidance
starting point at which the next guidance is to be provided
calculated in S17. Specifically, in S19, it is determined
whether or not the vehicle has passed through one of the
guidance starting points determined in S13.

If it is determined that the vehicle has passed through the
guidance starting point determined in S13 (Yes in S19), the
process proceeds to S20. If it is determined that the vehicle
has not passed through the guidance starting point determined
in S13 (No in S19), the junction guiding program is ended.

In S20, the CPU 41 provides guidance on the guidance
junction on the basis of the guidance phrase determined in
S13. Specifically, the CPU 41 provides guidance for specify-
ing the guidance junction and an exit direction along which
the vehicle leaves (that s, guidance for specifying an exit road
into which the vehicle enters after leaving the guidance junc-
tion). For example, a phrase such as “turn left (right) at the
second traffic light” is output from the speaker 16. Further-
more, when the vehicle reaches such a point that the guidance
junction is located within a predetermined distance (for
example, 300 meters) ahead of the vehicle, the liquid crystal
display 15 displays an enlarged view in the vicinity of the
guidance junction and the direction of travel of the vehicle at
the guidance junction.

This enables the user to correctly determine the guidance
junction and the exit road into which the vehicle enters after
leaving the guidance junction.

In accordance with the navigation system 1, the travel
guidance method using the navigation system 1, and the com-
puter program executed by the navigation system 1 according
to this embodiment described in detail above, the guidance
starting points determined from the position of the vehicle
relative to the exit-side traffic lights at the preceding junctions
and the guidance phrases about the guidance junction to be
started at the guidance starting points are determined (S13). A
distance between a stop line last recognized and the current
position of the vehicle is calculated using a high-precision
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location technology for recognition of the stop line (S18). Itis
determined whether or not the vehicle has passed through the
guidance starting point at which the next guidance is to be
provided using the calculated distance (S19). If it is deter-
mined that the vehicle has passed through the guidance start-
ing point, guidance on the guidance junction is started (S20).
Therefore, it is possible to start the guidance on the guidance
junction at an appropriate timing based on the details of the
guidance. As a result, the user can correctly identify the
guidance junction.

Since it is determined whether or not the vehicle has passed
through the guidance starting point from the travel distance E
of the vehicle after the stop line is detected and the feature
distance M between the stop line and the guidance starting
point, the positional relationship between the vehicle and the
guidance starting point can be correctly determined using the
stop line formed at the preceding junction. As a result, the
guidance on the guidance junction can be started exactly
when the vehicle has passed through the guidance starting
point.

When the distance N, obtained by adding the travel dis-
tance E of the vehicle after the stop line is detected to the
distance (D1+D2) between the stop line and the vehicle when
the stop line is detected, is more than or equal to the feature
distance M, it is determined that the vehicle has passed
through the guidance starting point (S19). Thus, capturing the
image of the stop line using the back camera 19 of the vehicle
enables the position of the vehicle after the image of the stop
line is captured to be correctly determined from the position
of the vehicle relative to the stop line. As a result, the posi-
tional relationship between the vehicle and the guidance start-
ing point can be correctly determined, and the guidance on the
guidance junction can be started exactly when the vehicle has
passed through the guidance starting point.

Since the feature distance M between the stop line and the
guidance starting point is acquired from the feature informa-
tion including the stop line and positional information asso-
ciated with the stop line, the feature distance M can be easily
calculated from the feature information without extra pro-
cesses for calculating the feature distance M.

In addition, since there is an extremely high probability
that the stop lines are drawn on the road surface near the
junctions at which the traffic lights are installed, the posi-
tional relationships between the vehicle and the guidance
starting points are reliably determined when the vehicle
passes through the preceding junctions.

Moreover, since the switching points at which the state of
the exit-side traffic lights at the preceding junctions is
switched from visible to invisible to the vehicle occupant are
defined as the guidance starting points, the guidance on the
guidance junction can be started when the exit-side traffic
lights at the preceding junctions become invisible. As a result,
the guidance on the guidance junction can be started at appro-
priate timings based on the details of the guidance. In particu-
lar, a significant effect can be obtained when the guidance
uses traffic lights, for example, when the guidance uses the
number of traffic lights between the current position of the
vehicle and the guidance junction or the number of junctions
at which traffic lights are installed.

The present invention is not limited to the above-described
embodiment, and various modifications and equivalents can
be made without departing from the spirit and scope of the
present invention as a matter of course.

For example, although the navigation system 1 provides
guidance on the guidance junction by outputting voice guid-
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ance from the speaker 16 in this embodiment, the navigation
system 1 may provide guidance by displaying texts on the
liquid crystal display 15.

Although the stop lines, in particular, are used as the fea-
tures to be recognized so that the current position of the
vehicle is determined in this embodiment, road surface mark-
ings other than the stop lines may be used. In addition,
obstacles, buildings, road signs, and the like may be used
instead of the road surface markings. However, it is desirable
that the features to be recognized be on the departure place
side of the preceding junctions and exist on the near side of the
guidance junction at regular intervals.

Although the switching points at which the state of the
exit-side traffic lights at the preceding junctions is switched
from visible to invisible to the vehicle occupant are set as the
guidance starting points in this embodiment, other points at
which the exit-side traffic lights at the preceding junctions
become invisible to the vehicle occupant may be set as the
guidance starting points. For example, points separated from
the switching points toward the guidance junction by a pre-
determined distance may be set as the guidance starting
points. In addition, positions at which the exit-side traffic
lights at the preceding junctions are installed may be set as the
guidance starting points.

Although the traffic light information 38 includes informa-
tion relating to all the traffic lights installed near the junctions
in this embodiment, the traffic light information 38 may
include only information relating to the traffic light nearest to
an exit side of the junction for each exit direction. In this case,
the present invention can be carried out by replacing the
access-side traffic lights in this embodiment with the exit-side
traffic lights. Furthermore, the traffic light information 38
may include only information relating to the traffic light
nearest to an access side of the junction for each access
direction. The traffic light information 38 may include infor-
mation relating to the stop lines instead of the traffic lights. In
this case, the present invention can be carried out by replacing
the access-side traffic lights and the exit-side traffic lights in
this embodiment with the stop lines. However, it would be
desirable that the guidance be provided using the traffic lights
and the junctions even if the traffic light information 38
includes information relating to the stop lines instead of the
traffic lights.

Although the number of traffic lights between the current
position of the vehicle and the guidance junction (or the
number of junctions at which the traffic lights are installed) is
used for the guidance on the guidance junction in this embodi-
ment, other guidance may be provided. However, the present
invention produces a significant effect when the guidance is
provided using, in particular, traffic lights.

The present invention may also be incorporated in appara-
tuses having a function of providing route guidance based on
navigation routes instead of the navigation system. For
example, the present invention may be incorporated in, for
example, mobile terminals such as cellular phones and PDAs,
personal computers, and portable music players (hereinafter
referred to as “mobile terminals and the like”). The present
invention may also be incorporated in systems including serv-
ers and mobile terminals and the like. In this case, either the
servers or the mobile terminals and the like may perform each
step of the above-described junction guiding program (see
FIGS. 6 and 7). In cases where the present invention is incor-
porated in the mobile terminals and the like, the present
invention may be used to guide movable bodies other than
vehicles, for example, two-wheeled vehicles and users of the
mobile terminals and the like.
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What is claimed is:
1. A travel guidance system comprising:

a navigation-route setting unit configured to set a naviga-
tion route along which amovable body is guided and sets
a guidance junction on the navigation route, wherein the
movable body is a vehicle;

atraffic-light-position acquiring unit configured to acquire
a position of an exit-side traffic light at a preceding
junction that is located closer to a departure place of the
navigation route than the guidance junction;

a movable-body-position acquiring unit configured to
acquire a position of the movable body;

a guidance-starting-point acquiring unit configured to
acquire a position of a guidance starting point, the guid-
ance starting point being determined from a position of
the movable body relative to the exit-side traffic light at
the preceding junction and serving as a point where
guidance on the guidance junction starts;

a passage determining unit configured to determine
whether or not the movable body has passed through the
guidance starting point from the position of the movable
body and the position of the guidance starting point;

a junction guiding unit configured to start the guidance on
the guidance junction when the passage determining
unit determines that the movable body has passed
through the guidance starting point,

a vehicle-information acquiring unit configured to acquire
vehicle information relating to the vehicle; and

a switching-point determining unit configured to deter-
mine a switching point at which a state of the exit-side
traffic light at the preceding junction is switched from
visible to invisible to an occupant of the vehicle from the
vehicle information, and

the guidance starting point is the switching point.

2. The travel guidance system according to claim 1, further

comprising:

a feature detecting unit configured to detect a feature on a
departure place side of the navigation route at the pre-
ceding junction;

a distance calculating unit configured to calculate a travel
distance of the movable body after the feature detecting
unit detects the feature; and

a feature-distance acquiring unit configured to acquire a
feature distance serving as a distance between the fea-
ture and the guidance starting point, wherein

the passage determining unit is configured to determine
whether or not the movable body has passed through the
guidance starting point from the travel distance and the
feature distance.

3. The travel guidance system according to claim 2,

wherein

the feature detecting unit is configured to detect the feature
formed on a road on which the movable body travels
from an image captured by an image capturing unit
attached to the movable body, and

the passage determining unit is configured to determine
that the movable body has passed through the guidance
starting point when a distance obtained by adding the
travel distance to a distance between the feature and the
movable body when the feature is detected by the feature
detecting unit becomes more than or equal to the feature
distance.
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4. The travel guidance system according to claim 2, further
comprising:

a feature-information acquiring unit configured to acquire
feature information of the feature detected by the feature
detecting unit and positional information associated
with the feature, wherein

the feature-distance acquiring unit is configured to acquire
the feature distance from the feature information and
positional information relating to the exit-side traffic
light at the preceding junction.

5. The travel guidance system according to claim 3, further

comprising:

a feature-information acquiring unit configured to acquire
feature information of the feature detected by the feature
detecting unit and positional information associated
with the feature, wherein

the feature-distance acquiring unit is configured to acquire
the feature distance from the feature information and
positional information relating to the exit-side traffic
light at the preceding junction.

6. The travel guidance system according to claim 2,
wherein the feature is a road surface marking formed on a
road surface on which the movable body travels.

7. The travel guidance system according to claim 6,
wherein the feature detecting unit is configured to detect a
stop line as the road surface marking.

8. A travel guidance apparatus comprising:

a navigation-route setting unit configured to set a naviga-

tion route along which a movable body is guided and sets
a guidance junction on the navigation route, wherein the
movable body is a vehicle;

a traffic-light-position acquiring unit configured to acquire
a position of an exit-side traffic light at a preceding
junction that is located closer to a departure place of the
navigation route than the guidance junction;

a movable-body-position acquiring unit configured to
acquire a position of the movable body;

a guidance-starting-point acquiring unit configured to
acquire a position of a guidance starting point, the guid-
ance starting point being determined from a position of
the movable body relative to the exit-side traffic light at
the preceding junction and serving as a point where
guidance on the guidance junction starts;

a passage determining unit configured to determine
whether or not the movable body has passed through the
guidance starting point from the position of the movable
body and the position of the guidance starting point;

a junction guiding unit configured to start the guidance on
the guidance junction when the passage determining
unit determines that the movable body has passed
through the guidance starting point; and

a display configured to display the guidance junction;

a vehicle-information acquiring unit configured to acquire
vehicle information relating to the vehicle; and

a switching-point determining unit configured to deter-
mine a switching point at which a state of the exit-side
traffic light at the preceding junction is switched from
visible to invisible to an occupant of the vehicle from the
vehicle information, and

the guidance starting point is the switching point.

9. A travel guidance method comprising the steps of:

setting a navigation route along which a movable body is
guided, and setting a guidance junction on the naviga-
tion route, wherein the movable body is a vehicle;

acquiring a position of an exit-side traffic light at a preced-
ing junction that is located closer to a departure place of
the navigation route than the guidance junction;
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acquiring a position of the movable body;

acquiring a position of a guidance starting point, the guid-
ance starting point being determined from a position of
the movable body relative to the exit-side traffic light at
the preceding junction and serving as a point where
guidance on the guidance junction starts;

determining whether or not the movable body has passed
through the guidance starting point from the position of
the movable body and the position of the guidance start-
ing point; and

starting the guidance on the guidance junction when it is
determined that the movable body has passed through
the guidance starting point;

acquiring vehicle information relating to the vehicle; and

determining a switching point at which a state of the exit-
side traffic light at the preceding junction is switched
from visible to invisible to an occupant of the vehicle
from the vehicle information, and

the guidance starting point is the switching point.

10. A non-transitory computer-readable medium including

a computer program causing a computer to perform the func-
tions of:

setting a navigation route along which a movable body is
guided, and setting a guidance junction on the naviga-
tion route, wherein the movable body is a vehicle;
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acquiring a position of an exit-side traffic light at a preced-
ing junction that is located closer to a departure place of
the navigation route than the guidance junction;

acquiring a position of the movable body;

acquiring a position of a guidance starting point, the guid-
ance starting point being determined from a position of
the movable body relative to the exit-side traffic light at
the preceding junction and serving as a point where
guidance on the guidance junction starts;

determining whether or not the movable body has passed
through the guidance starting point from the position of
the movable body and the position of the guidance start-
ing point; and

starting the guidance on the guidance junction when it is
determined that the movable body has passed through
the guidance starting point;

acquiring vehicle information relating to the vehicle; and

determining a switching point at which a state of the exit-
side traffic light at the preceding junction is switched
from visible to invisible to an occupant of the vehicle
from the vehicle information, and

the guidance starting point is the switching point.
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